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1.0 iNTPor>urTTO'«. 

TMs section contains dfilqn ;in<l apnllCAitlon Inform^tfon for thp Par*c- 
Dlane Module anrt establishes the rules for interfacmo between ft\^ 
various functional modules and the bactcolane f terminal data bus"). 
The bacVolane is a urlnted-rircuit board mounted to the bottom of the 
ter^^ihal base and contains a power surolv connector and a nuwher of 
orlnted circuit edae connectors, in addition to orovldlno nower fo 
the functional modules, it suoolles the 4.915 Mwz svsfem rioc»f fsvs 
CLK) and System Power On fPWR OW) slonals^ Data, address, and control 
sianals for communication between the various functional modules is 
is also suDDlied by the bacVolane Module. The bus Is the orlmarv data 
oath between the processor and memorv, disolav and memorv, anrj the 
orocessor and oerloherals (such as the Vevboard, data comm, dlsnlav, 
Drlnter, and the CTH), All communlcatinn on th» bus occurs in m 
serially shared mode, with each bvte transfer beinq an Indeoendent 
non-interruntable transaction. 

7.0 OPERATING P»R»MrTFRS. 

A Summary of ooeratlno Parameters for the BacVoiane Module Is contained 
in tables 1.0 throuoh 3.2. 



Table 1,0 Physical Parameters 



Part 

Number 

02ft40«#i0l53 
O2^4«-fi0O0? 



O264'»-6015« 



Nomenclature 

Hackolane PC* f9 Slot) 

naricnian.e Fxtender PCA 
fb Slot") 



l^acicnlane PCA fi^ Slot) 



Size (T. X w X b) 
♦/-rt.lOO Inches 

«.1 X S.I i n.P 



9.P X S.3 X n,« 



0264^*6000^ I Mainframe AS8embly264S 



N/A 



weight 
(Pounds) 

0.5^ 

0.3P 



0.81 



W/A 



NuMber of Bactcolane slots Reauired: not appltcbbi.e 









▼abi# 7.n R^llablilfv and Envlronvent^l Information 

Envlronwient^l: f X ) HP Class B f ) ntber; 
Restrictions: Tyoe tested at Dro<lurt level 

Patiure Pate: 0.^77 (percent ner lO^o hours) 



■^able 3.0 Connector Information 



1 Connector 


1 Sfanal 1 Slqn 


1 and Pin No. 


1 wawe 1 Descrl 


1 sssrssssssssss 


1 ssssssssssssssss 1 sssssss&.^^ssssssrssrssr 


1 J1 on 




f 02f;4'»-60l53 




1 an'i 




1 0264O-fi015fl 




1 «>ins 1 


♦5V 1 > 


1 -? 


♦5V 1 y 


1 -1 


nwn 1 » 


1 -4 


CKO I > 


1 -■; 


♦1?V 1 V in POWER 


1 •^ 


SVS CT.K 1 > StipPLY PC» 


1 -7 1 


-1?V 1 1 


1 -R 1 


PWR ON 1 » 


1 -Q 1 


1 Not Used > 


1 -in 1 


Clin 1 » 


ssssssrsssrssss: 


:sssssssssssszsss===ss£rss£=ssssssss£ss=rr 
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Tabi* 1.1 Connector Information 



sfanal 

Na***e 



9\n% 1 1 


♦5V 


.? 


CHD 


-^ 


SYS rLK 


** 4 


-12V 


-■; 


APD»0 


*"n 


AHOPl 


-7 1 


AnoP2 


-« 1 


AnDPJ 


•9 


AnDP4 


-10 1 


AHDPS 


-11 1 


AnOP6 



Signal 
Desrrlptlon 



Connect or 
and Pin no 



J2 thru J10 
on 
02640-fi015^ 

J2 thru J16 

on 
ft2«40-ft015P 



♦S volt pow^r SUDolv 

Grounrt rowmon Return fpower and siQnal) 

4.915 MHz Svsfem rioc«c 

-12 Volt Power SuDplv 

Neaatlve True, Bdflress Pit n 

Nea«t1ve ^rue, Address Pit i 

Negative True, Ad^^ress Pit 7 

Negative True, Address Pit ^ 

Neaatlve True, Address Pit 4 

Neaatlve True, »ddress Pit s 

Neaatlve True, Address Pit 6 
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Tabl# 3.1 Connector Information (ront'd.) 



Connector 
and Pin no. 



J? thru JtO 
on 

J7 thru J16 
on 
02640-6015^ 



Slanal 

wawe 



Pins 12 


AHDP? 


-13 


AnD»8 


-14 


AnD»9 


-15 1 


•DHRIO 


• 16 1 


ipnRll 


-17 1 


ionRi2 


-18 1 


AOHRia 


-19 1 


IIDnR14 


-20 1 
-71 1 
-22 1 


ADHRIS 

T/n 

GND 



Slqnal 
Description 



N^qative trne, ^drtr^ss «lt 7 
Negative True, address Bit « 
Negative True, Address Bit Q 
Neaatlve True, Ad'iress «lt 10 
Negative True, Address wit 11 
Negative True, Address Bit 12 
Negative True, address Alt 13 
Negative True, Address «lt 14 
Negative True, Address Pit 15 
Negative True, Tnout outDut/Memorv 
Ground common Return fpower and Slonal) 
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Table 3.1 ''onn^ctor Information (Cont'd.! 



Connector 
and Pin Nn 



J7 thru JlO 
on 
02640-6015^ 

J? thru J16 
on 
02640-6015* 



Slanal 

vame 



P1n5 » 


GND 


-R 


PULL 


-r 


♦ 12V 


-n 


PWR ON 


-E 


nU50 


•r 


RUni 


-H 1 


PU52 


-J 1 


«US3 


-r 1 


FUS4 


-T. 1 


PUSS 


• M 1 


PU56 



Slanal 
Oes*"r lotion 



Ground cowwon Pe'^urn (Power an<l 5ianal") 

Neoatlve True, polled Tnterruot 
Tdentlf Ication R*aue«t 

♦1? Volt Power Suoniv 

System power On 

Veaatlve True, Data »»us Pit o 

Neoatlve True, Data nus Bit 1 

Neaatlve True, Data Bus Pit 7 

Neoative True, Data Bus Bit 3 

Neoative True, Data Bus Bit 4 

weoatlve True, Data Bus Pit s 

Meqatlve True, Data Bus Bit 6 
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Tahl^ 3.1 Connector Information Cont'd.) 



Connector 
and Pin no. 



J7 fhru JIO 
on 
02^4'>«60153 

J2 thru Ji6 
on 
02fi4fl-6015« 



Pins w 
-P 
-p 

•5 
•T 
-IT 
-V 

• W 

-X 

• Y 

-7 



Slanal 
Mame 



BUS? 

WPITE 

1TN2 

WATT 
PRTOP TN 
ORTOP nuT 
pPOr ACTIVE 

pusy 

PUN 
PEO 



Stanal 
D^srriDtion 



weoatlve Tru^» Data »*us Pit 7 

Meoatlve True, wrlte/R^ad Tyne Cvclc 

veaatlve True, Ctu and polled Tnt-erruot 
Peouest 

weoatlve True, wait Control T.lne 

Pus Controller Prloritv Tn 

Pus Controller Prloritv nut 

Neoatlve True, Processor Active 
(Controllino Pus) 

Meoarive True, Bus Currently Busv 
(Wot avallahle) 

»llow Processor to Access Pus 

Meoatlve True, Request (Pus oata 
Currently Val?d> 

weoatlve True, Data ro^m int^rrunt Request 
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TaM^ ^.7 connector Inf or'»>at'lon 



ronn#»ctor 




SI ana) 




I and Pin No. 




va'we 






s |rs 




ssss 1 


1 m on 








1 O2fi4n-fi015ft 








1 Pins 1 




♦ 5V 




1 7 




CNH 




1 '^ 




♦ 12 




1 PI on 








1 02640-60151 








• Pins 1 




♦ 5V 




1 -7 




♦ bv 




t -1 




GNO 




t -4 




5)fS TLK 




1 -<% 




-12V 




1 -f 


AHD^O 




-7 


AHDPl 




1 -ft 




AnDn2 




1 -Q 


AnoPJ 


1 


1 -10 


AnDP4 




1 -11 


AHDPS 





Slanal 
O^scrlof Ion 



To Power Suoolv PCa 



♦^ volt POW^r SUDDlV 

♦S volt Power SUDDlv 

Ground romroon Return fpow^r a'^d Slanal) 
4.915 MHz svstem riocV 
-12 vnt Power SuddIv 
N<»Qflcive True, »ddr^ss pH" ^ 
Negative True, address Bir 1 
N^aatlve True, Address nit 7 
NeOAtlve True, Address Pit i 
Neaatlve True, Address Pit 4 
Neaatlve True, Address Bit "^ 
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▼able 3.7 Connector Information (Tont'd.) 



Connector 
and Pfn No. 



PI on 
02640-60153 



Slanal 

•iawe 



P^ns 12 


AHDPe 


-13 1 


AHDP? 


-M 1 


AHOPS 


-15 1 


AnDP9 


-16 1 


BOHRIG 


-17 1 


•DHRll 


-18 1 


*DnRi2 


-19 1 


»DnRl3 


-70 1 


aOHRM 


-?1 1 
-72 
-73 
-74 1 


»Df>Rl5 

T/n 
own 



Stanal 
DescrJotlon 



Neaatlve True 
Neaatlve True 
NeaatJve True 
Neaatlve True 
Nf»aat!ve True 
Neaatlve True 
Neaatlve True 
Neaatlve True 
Neaatlve True 
Neaatlve Tri»e 
Neaatlve True 



»d>1ress ^it ^ 

»d<lress '^It- 7 

&ddres<( «lt « 

ad'iress wit o 

•ddress «lt io 

•ddress Bit 11 

address «lt 12 

address Pit 13 

address »lt i4 



address «lt 15 
Tnout nutDUt/M^inorv 
Ground rowmon Returi^ fpower and Slanal ) 
Ground common Return fpower and slanal) 



!325S 
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TAble 3.2 Connector Information fcont'^.^ 



connector 
and pin No. 



oi on 
02640-f;oi53 



Slanal 

Name 



Pln^ • 


1 ♦sv 


•R 


1 CHT) 


-r 


1 POLL 


-n 


1 ♦!?¥ 


-F 


PWR ON 


-F 


PUSO 


-H 1 


nUSl 


-J 1 


PUS 2 


•K 1 


PUS 3 


-L 1 


PUS 4 


• M 1 


PUS5 



Slanal 
Descrfot ion 



♦5 Volt Power Sunolv 

Cround Comwon Return (Power «n«l Sional> 

*»eoatlve True# Polle'^ Tnterruot 
I<<entl£1catlon Peou^st 

♦1? volt power SuddIv 

System Power On 

Meoatlve True, Data pus Pit « 

Weaatlve True. Data pus Pit i 

weoatlve True, Data pus Pit 7 

Meoatlve True, Data pus Pit i 

Neaatlve True, Data Pus Pit 1 

veoatlve True, Data Pus Pit •? "" 
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Table 3.7 Connector Inf orwaflon ('"ont'd.) 



Connector 
and Ptn No, 



^1 on 
02640-60153 



Pins n 
-P 
•p 

-s 

-T 

-n 

-V 

-w 

-X 

-Y 

-7 

-»A 

-PB 



Slanal 

Name 



PUS6 

PUS? 

WPITE 

»TM2 

WATT 
PRTOP OUT 
♦ 5V 

PPor acTivE 

PU^Y 

PUM 

PEO 

aTW 



Slanal 
Desrrlotion 






Neoatlve True, D*ta Pus Pit ^ 

Neaatlve True. Date Pus Pit 7 

weoatlve True, Wrlte/Rea'i Tvne Cvcie 

Neoatlve True, CTU and ponci Interrupt 
Request 

veoative True, wait rontrol Tine 

Pus Tontroller Priorltv nuf 

♦5 Volt Power 5unDlv 

WeoaMve True, processor Active 
(Controlllnn Pus) 

weoative True, Bus Currently Bnsv 
-ivot available) 

Allow Processor to Access Pus 

weoative Tru^, Reanest (pus nafa 
Currently V^lid) 

Tieoative True, D«ta '•omm interrupt Request 

f^round common Pefu»'n (Power and Siinal) 
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l.n F'jN^'TTONAT. PESCPIPTTOW - SICN»LS. Pefer to the sch'^matlc dlaar^ms 
(figures 1, 2# «nrt }), tvoical we^orv modni^ 'int-erfac** ff^qurf 4), 
typJcal I/O module interface ffiqure ?), bus controller circuit 
(Moure 6>, bns controller states (floure 7), bus controller timing 
6 aaram (figure 8). and parts lists, f0764o-60i«^3, 02fi4n-6ono?, 
02640-6O1S8, and 0264*^-6000^) located in the annendix. 



1.1 AHDPO throunh ADDPl"?, These sionals are defined as module address 
lines throuoh 1^ and are us^d to »1eflne which modulf Is b^lno ad- 
dressed^ and whlc^ function (for an I/O nodyle) or whfc^ hvte (^or a 
memorv module) within the addressed module fs belna addressed. Bit 

ass1ani»f»nts are as follows with AODpO belno the least slQnlficant bit. 

MFMORY 

AhDRESS 

STGNAT.S A15 AM Bi3 A12 111 A10 A9 »8 A7 A6 A5 B4 ^^ 3 12 ^l ^0 

I/O MODULE 

ADDPESS • , - - - N? Ml MO X4 X7 ^6 XS ^i ^3 t2 Yl VQ 
STGNATS 

M's = I/O Module select Cpde Pits 

X's s I/O Module SubfunctJon .^troh« Bits 

A's ~ Memory Module Address Bits 

3.7 snso through nus7. These slanals are defined as data bus bits o 

^ through 7. BHSO is the. least significant bit. All elaht bits ^re 
transferred without modification over the bus. There is no oaritv 
cheric or other verification. 

3.3 SYS cr.K. This slonal is the 4.91S mht System cloclc used to synchronize 
bus ooerations. All bus control sionals must be channed only on neaa- 
tive transitions of this clocif. This is a SO oer c^nt duty cycle TTL 
slonal. 

3.4 I/O. This is the Input outout/memorv signal and when lon, indicates 
that address lines are to be Interpreted as I/O module addresses and 
strobes, when hloh, it Indicates that addresses are to be interpreted 
as memory references. 
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3.5 W»1TE. Wben low, t^ls slon^l indicates t^at th^ current bus cycle Is 
a »»rlte or outout.ooeratlon (data qolng out of the nrocessoir, to fhe 
nodules>. When hlah.lt Indicates that a read or Input ©Deration Is In 
prooress fdata ooino into the orocessor from the modules). 

^.'^ PWR ow. 5vstem power On will be low for the first ^0 milliseconds 

after power Is turned on; tthen it ooes hloh and r''i?»l'^s.hlah as lono »s 
power Is on. The PWR ON line should he used to Initialize «nv clrcnlts 
w>>ose beginnlno states are important. Tt can be ouUed manually low 
with rower still on bv oresslna the RrSpT TfRmivat, kev on the keyboard. 
(PESET TEPMTNiL is a switch contact, which ouils tbe line low for as 
lono as the switch is depressed.) (Refer to »»»oduie section n2*>5-9lot8 
for the evact function of rfsfT Terminal Vev,> 

B."* RTiN. This slonal can be used to halt t>>e processor, iw^en nulled low. 
It prevents the processor from accessJno the hu? aqaln, thus keepina 
the processor In a waitino state,. Wh^n the P"N line Is released, t»^e 
processor will resume runnlnq aaain. This line Is not normally used, 
and Is orovlded primarily for use with diagnostic and debuqalna aids 
to imnlement run/halt and processor sinole-cycle operations. 



3,« pnoc i^C^IVE, processor Active Indicates that the buscvcie cnrrentW 
In progress Is being controlled by the orocessor. This line is not, 
normally uied, and is provided rrjmarily 'or dehuoqinn and diagnostic 
purnoses to implement processor sinole-cvcle and nrocessor instruction 
flow monitoring? and so that a sampler module can monitor bus opera- 
tions and be able to dlstincruish processor transactions from display 
memory access (Hma) or other transactions. 

3,o PPinR iw. When hlgh,_the Prlorjtv Jn line Indicates ro a bus control- 
ler that no higher nriorlty device Is contending for control ot the 
bus. w»^en prtoP TN Is low, it ind'.cates that a higher nriorlty con- 
troller Is attempting to oet the bus. 

3.10 PPinR OUT, The Priority nut line is used bv a controller to sional_ 
other lower priority controllers that they must wait before attemotina 
to ta»fe control of the bus. • low level indicates that tbe bus Is not 
available. ,Thls slonal Is dlj-ectly connected to prtop TN of the next 
lower priority module In a dafsv-chaln from module to module. 

3.11 BUSY. When low. BU5?Y indicates to all other controllers that tt^e bus 
is currently belna controlled and Is not available. This is th#» wethog 
bv wnich a low orfority controller maintains control wntl** a hin^ pri- 
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orlt^v contr«11e»' Is attfmntlno to_oain control. Thf nrlorlfv chain is 
u^ert to resolve wMch of rhf wultlote contr'^llers sinrnlraneou^lv ron- 
tendlnq for. control trill oaln the control wher> the hu? becomes not husv 
(bus Is available). 

5,12 R»^0. Request Is the slonal which Indicates to the ad^resse'i module 

that the data on the bus is valid. nata belnq outout hv the ororessor 

Is vall'l before RFO aoes low, wniie it is low, anrt after It goes hloh. 

Therefore, RC^ '^av be use<f to clock a flln-floo on either r'slnn or 
falling edqes, or to enable a latch. If data is beino read into the 

orocessor, REO Is used to slonal an addressed module to drive data onto 

the bus. When ReO aqain ooes htqb, data should iwmedlatelv be removed 
from the bus. The orocesssor will orovlde ad<iress and lata setup and 
hold time for data beino sent to a module, but will sample the data 

lines only at the tralllno fr*slno) edqe of RFO when readlno data fro* 
a nodule. 



3.13 fc*!''. WATT n»^v be nulled low bv an addressed »odule to signal a con- 
troller that the module will be unable to resoond to a *00 nanosecond 

RFC. w»IT causes the controller to hold REO low In increments of 200 

nanoseconds until the addtessed nodule releases wait, then peo will go 
hlqh at the next 5KS tlk falling edae. An addressed module shoul'^ 

release wait as soon as vafl-d data is put on the bus, but lust after a 
fallinq SYS CT'K edge, so that the data will t\av^ at lea^t 200 nano- 
seconds to Settle before beino sampled fat the end of R^Ol. 



3,14 ATN. Attention (Interrupt reouest), ts used bv a module to request 
service from the orocessor. After the orocessor has read the status 

of the interrupting nodule, the nodule should release the atk line. 



3.15 ATN?. »TM2 is Similar to ATN, but causes the processor to trao to a 

different address. ATn? Is the preferred line to reouest service for 
a polling interruot oneration. 
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^,16 POLL. Th^ POT.L line is used to slanal roll^ble int^rruntina modules 

t^a1: an Identification cycle Is conlna ud. .After acknowledalnq an »tm2 

interrunt.reouest, the orocessor will pull POLL low to Indicate that it 
wants to Identify the source of the interrunt. Modules that have in- 

terrunts nendlno should nonitor POLL. When PnLL» l/0» and Rgo are low 

and KPI'^E Is Mah» Intcrruotlna Modules Identify thenselves by rullinn 
a slnoie bus data line low. The bit to be nulled must be decided bv 
aoreewent between hardware and firmware, and should be lumoer^ble on 
hardware hoards. 

4.0 DC PULES. 

Bus Signals are oenerally neoatlve true loalc levels. The exrenttons 
are RffN, pw«> on, prto" TN, and PRTOP out. »ii hus lines with the ex- . 

ceotion of POLL and ATn? have SOO-ohn^DUHuo resistors Installed on the 
BaclcDlane PCA. All bus lines except PRTOP TN and pPIOR onj are con- 
nected In Parallel to all bac^colane edge connectors. P*»inR i«j is 
pulled Up with ^00 ohms at the newer suoplv end of the hus. 

4.1 OFF THE B"S. NO nodule may out aore than two low-pnwer Schotticy Inout 
loads on any bu; slonal? modules needlno wore must buffer the slQnals. 
The only exrentlon to this is PPlhR jw as It win be loaded, at most, 
bv only one module. 

4.9/ OVTO thf" bus. a bus drlvjr must be^caoable of drivim 79 low-oow^r , 
Schptticv loads fl4 slots x 2 loads oer slot) oius the soo-ohm puiiun 
resistor fwbich amounts to 72 milllamDeres at 0,4 volts). The rerom- 
mended driver Is a 74Ls38, althouoh Trl-State may be us^d. 

5.0 TTMTNG PULES. 

5.1 SYS CLK. The 4.915 MHz system clocif syncnronizes all bus transact inns. 
Bus drivers. will channe control slanals only on the falllna edg^ ot tne 
clocK. Responding devices are expected to renly immediately upon ae- 
tectlno their addresses, to allow sufficient time for the signals to 
settle before the next falling cloc»c edoe. 
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■>,? PPIHRTTV TN/pPlORTTY OUT. Th^ rules for sys tlk In section 5.1 above, 
must rtlso b^ «Dpllert to the prlorltv chain. Th^ ortorltv slqnal ^av 
h^ve to rlDDi# through many modules to reach th^ last one whlrh mla^t 
h^ MddlnQ for the bus at the same time as the first i»»o<^ule. ^The 
first nodule »ust be able to disable the last one bv rrooaoatina th^ 
Prlorttv sional down the entire chain wltMn 700 nanoseconds (dTu< th^ 
setUD time of the la. module). The results are not nredictabl^ 1£ an 
atteiunt Is wade to tv e control of the bus at other than l»wedlatelv 
(less than ^0 nanoseconds) after a falllna cloc»^ edge. Modules which 
are not controllers nust tie prtop IN to prtop nuT in order to preserve 
the cont-inuttv of the chain. 

S.I W«IT. This sional Is used to orolonq the bus RFO state. The release 

of WATT tells the controller that the REO state can be terminated at 
the next rloc*f« Tn order for this to onerate orooerlv, data must be 

stable before the end of ^EO ri»r.Dlvlno that data Is drive'^ onto the bus 

200 nanoseconds before the end of RF!01. Trt addition* waiT should onlv 
be allowed to qo hloh at a clocic edae, ^nd data should be valid and 
staytlnt to drive the bus at the same, time. Thus, data need not he 
valid and settled, but it must be valid and startino to drive the bus 

when WATT is released. This must occur iwmedlatelv (less than SO nano- 
seconds) after a clocic edae In order to allow sufficient settling time 

for the data lines* which have more loading than the watt line. 

5.4 ATN/A'»'N7. These lines are ^ample^ asynchronously bv the nrocessor 
and have no particular setun reouirements. However* for the save of 
convention, it has been agreed that an Interrupting module will release 
int«rrrupt reguest as soon as the nrocessor reads the status of the In* 
terruDtino module and this must occur within 700 nanoseconds after the 
end of t-he status read. 

5.5 POLTi. The PQhh line is driven only by the processor and Is pronrammed 
bv the firmware. Tvplcaij^y, three instructions must be executed bv the 
processor in order to perform the poii function. The first instruction 

causes ^OT.L to be driven low. then an I/O read is performed to obtain 
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the rf^sulfs of th^ oarall^l ooll, and finally, an Instruct m i% 

executed to reset POLL hioh. Therefore^ there will be a minlmu* of 
1,6 mlcroj^econds setuo and bold time before and after the Input 
Instruction wMch does the oarallel ooll. 



5.6 PROC aCTiVE, This line also Is driven only bv the processor and the 

tlnino !s the same as the tlmlnQ used to drive addp# wpite, T/h, and 
bus data lines fall these lines will have 200 nanoseconds setup before 

RFO and 200 nanoseconds of hold after RFO). 

5.7 R^N. R"N Is sawp'ed by the processor to determine whether to begin a 
bus btd state bv «ts controller. If at the time the nrocessor is ready 
to beoln a bus cvrle# the RHN line is low, it will cause a holdoff of 
the cycle until R"N ooes hloh. when PUv ooes high, the Bus Bid state 
will be entered at the next clock edge* and the bus cycle will then 
comniete normally. Once benun, the cycle will comoiete. R"N prevents 
the Drocessor from berrlnnlno bacKolane bus cycles, but cannot stop a 

cvcle already in progress. It »»loht be possible to use wait to holrf a 
cvcle In progress? but if It 1s_a cycle accessing dynamic RiMs, It 
could cause a refresh failure If the cycle is not allowed to comolefe 
at its ratural speed. 



S.ft BTisv. ^U^Y must be pulled low by a controller as soon as tne Bus Bid 

state has been successful, Tbls prevents other controllers fro»*» t-aving 

control while the bus is In use. BHSY should be released at the en^* of 

RFO, so that other controllers can use the 200 nanosecond period after 

RFO to nerfortn their bus bids. In this way, all cxoc*c Periods can be 
utlilred for data transfer an'' no time Is lost nerforntlng oureiv con- 
trol functions on the bus. 

ft.O RffLFS FOR ST. AVE MODULFS, 

fi.l HFMnHY MonuTiES. Refer to figure 4, Tyolcai Memorv Module Interface (»K 
ROM). » memory module will usually contain a sizable continuous blocv- 
of memory address soace. The module will usually trv to have irs block 
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starting adfir^ss 11^ on an address which Is ^^ Integral muifinl# of t^e 
block s1z». **or examol^* a board Witt" '^K bvtes o* storaoe conld beoin 
at 0, at ^K» at 16K# at 24k# etc. This results In a board select de- 



tector conslstlna of a 3-bir coifparator between ADDPIS, AnDP14, AHDpiI 
and the outout of a 3-b1t nodule address switch or 1un»Der on fh^ ifod- 

ule. This Is ANDed. together with I/O hlah and »»E0 low to s<»lect the 
■odule. The direction of transfer 1$ indicated by wrttf# and t^e less 



slaniflcant address lines (ADnR12 throuoh AT>OPO> select the address«*d 
bvte within the module. 

6.1.1 If fhe module cannot operate with a 400-nanosecond PE0# then It should 
utllixe WAIT to force RPQ to last as lona as renulred, consistent with 
the rules fOr WAIT outlined in section S.l. it is not- necessarv to use 



HAIT If the nodule Is fast, nor is It necessarv that watt be nulled the 
same lenqth of tine for reading as for wrltino. The individual nodule 
■av tak^ account of its own requirewents. 

.1.? If a module contains mixed speeds or tvoes of nenorv, the v^jrlous logi- 
cal blocks should be considered Ipglcfllv separate units* with senarate 
address detectors and separate data drivers* Aoaln, the module nav put 
no more than two active loads on any bus line, and If.aultiole nioctcs 
are loading the sane lines, it way be necessarv to buffer sone lines to 
conniv with these rules. 

6.? I/O. Refer to figure 5, Typical T/0 »«odule interface, i/o nodnles are 
addressed differently than memory BOdgles. There are 1^ module ad- 



dresses coded into ADHRii, IDDRIO, ADDRQ, and Anoo4. Eight oth^r 



address lines (ADDRft through addrs and A0DR3 through addrO). are 
driven by the processor and can be used for any purnose aareed upon 
consistently between the hardware and firmware, it is expected that 
these other lines (sometimes called "strobes'*) act as further address 
analifiers Or subfunction selectorsi* although it is not necessarv to 
view them in that nanner. 
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f,?.t In Ofier for 4 module to recoonize Its address. It- must comoare t^e 



ft.?.^ 



four module address bits fAnonil, AHOQIA, AnDt»9, and B0nR4), ;«nd th^n 
coRiDare that with 1/0 low and RFO low. This establishes that the mod- 



ule is currently helno addressed* and Wpit^ aaain establishes the 
direction 0' transfer. 

6.?,? There is no current brovision for ■ultiole modules to share .the s«me 

BOdule address fwlt^ 16 addresses and only '5 o^vsical hactcnlane ^clots 
it is unnecessary to share addresses). 1^ It becomes desiraole in the 
future, it should be considered as a soedal situation outside of the 
norn>a1 bus rules and handled very carefully. 



A nodule which wants to interrunt nust null one or the other CAtn/atn?) 
low. As soon as the rrocessor Interroqates status from t^e int^rrurt- 
Ina nodule, the nodule should assune that the Drocessor is abouf fo 

service the interrunt and it should release ATn/A^N? at that rime. 
This Is indeoendent of the oolllna identification require'^ents ^or 

pollable Interruptina nodules. It Is not necessary to release «in/ 

ATn7 ns a result of a oollina oneration, (Refer to section 5,4') 

ft, 2. 4 A DOiiahie InterruDtina noduie which has an interrunt oen'^inQ (re- 

auested but not vet arJcnowledocd) nay be nolled bv the nrocessor. The 

processor will null POLL low, and shortly. thereafter will perform an 
input Oneration at some nodule address which is unable to resnond to an 
input (read from the display, for examplei, Durinq this nseudo-lnout 
operation, a oollable nodule which has an interrupt pending, must oull 
down on one bus data line. The line which is pulled identifies, the re- 
auestina module to the nrocessor. Since there are eioht data Itn^s, up 
to eloht modules may be handled bv this nethod. By anr^ement, th» 

Cartrldoe Taoe Module Pulls on BUS7. (Refer to section 3.lfi) 
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7.0 RIILPS FOR BUS CONTRnu.EP MOPUTES. 

7.0.1 




7.O.? The b«s controller circuit shown In figure 6 Is suitable for the wain 
Droressor In the svsten. This element bas two renul rements not olare<i 



on «nv other control ler—thev do the drlvlno of pROf* active when tn^t 
aodule 1$ controlll^o the bus (drtvlna Address lines) and thev resoon'i 
to »uw to hold Off transition from idle to Pus wid states. 

0.3 Modules other than the nrocessor do not need to use these signals. 



Thev must not drive PROC ACTIVE because this would orevent slngie-steo 
processor cvcles froa onerating oredlctablv. It Is not Iwoortant for 
non-orocessor controllers to respond to run, 

7,0,4 RUN and Start Cvcle must be present. at the $a«ne time as a SYS CLK eHqe 
otherwise the cvcle start request will be missed. If Start Cvcle Is a 
pulse. It Bav.have to be latched (the latch can be cleared hv the B 
flip-flop, which will be set when the bus has been obtained). Tf the 
■odule does not use RHn, and If Start. Cvcle Is a nulse of lonoer dur- 
ation that one nerlod of SYS rtif, it Is not necessary to latch start 
Cvcle. 
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IDLF 000 
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AODRO thru AHDRIS, BUSY, 



PROC ArtTVF flf main ororessorK 



WRiTr (if wrJte ©Deration), T/n (if not 
weworv ooeratlon) 



RFOf'EST in 



5afne as 11f> above, dIus Peo 



waiT 



Oil 



RFLFASE 001 



*Dr>RO thru APDP15, rfo, pusy. 



PUSO tbru PUS7 (if WOITE). WOJTE (if write 



ooeratlon), PROC ArTTVF (if maJn orocessor") 



aODRO thru ADDwls, B"S'^ thru B»'S7 (1^ wrtt^) 



WRTTF (if write operation), T/n (if not wemorv 



operation), PRnc ACTTvf (if wain Drore$sor> 



lOLF 



000 
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7.0.5 The Dflorltv chain oate between PPIOR iv and t>RTOP nuT functions as a 
neaatlve np aate, w^ose outout If low when either Inout is low. wh*»n 
PRIOR IN Is low, the controller is orfvented from obtaininq the bus (if 
it is in the «us Bid state) bv the 3-inout kHT) aate between the A and B 
f1iD*flops. The «ianal Bust aljo be passed down the nrlorltv chain to 
other Inwer orlorttv modules which »loht also be reguestinq the termi- 
nal bus at the same time, ^TMs Is true whether this controller is 
active or not* and hence the oate to pass low PRinR in directly to m 
low PRIOR OHT.) 

7.0.6 Slave modules are entitled to expect that data and address lines win 

be valid and stable before, durlno, and after R*"© is low. Thev use kpu 
to oate their data onto the bus during a read cvde (imnlvinq t^at data 

will be chanalna verv shortly after RfO chanqesl. The rise times May 
be slow since all bus lines are OD«n»coilector. To prevent loss of the 
data, it must be latched up bv the controller module. Thresholds may 

varv, and the rise times of Rro may be slow. Therefore, it is rerom- 

mended that another* faster version of REO be qenerated. locally. In 
parallel with the version used to drive the bus. This fast version of 

RPO can be a totem Dole driver havino a fast rise time, and therefore, 

will occur predlgtablv before RFQ on the bus has had a chance to dl??- 
aole the data drivers in the slave module. The drivers provide the 
reauired timinq fgr control, address, and data lines. All address, 
data, J/Of and write sionals should be oresent tor lonoer than rhe con- 
trol slonals. in order to preserve the desired timinq. 
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